Introduction
Human Selenoprotein P (SeP) is a plasma glycoprotein containing up to 50% of plasma selenium concentration. 1 The human SeP gene is located on chromosome 5q31 2 and is composed of five exons. 3 The gene for Selenoprotein P is unique among other eukaryotic selenoproteins as it contains 10 ± 17 (10 in human SeP) in frame UGA codons in different species. The function of SeP is not known. The initial proposal that SeP acts as a selenium storage and transport protein due to its high content of selenocysteine residues and high plasma levels 4 has not yet been confirmed. Recent studies suggest a function of SeP in antioxidative cell defense systems as it protects against diquat toxicity 5 and neutralises peroxinitrite. 6, 7 Recently, 1850 bp of the gene promoter promoter activity, mRNA and protein expression by different cytokines like interleukin 1b, tumour necrosis factor a, transforming growth factor b 1 and interferon g has been demonstrated. 3, 8, 9 Apart from liver, SeP-transcripts andprotein have been observed in various tissues. 10 ± 12 Recently, we were able to show a reduction of SeP mRNA as well as SePprotein expression in colorectal adenomas, the benign precursors of colorectal cancers, as compared to adjacent normal colonic mucosa. 13 However, the underlying pathophysiological mechanism and functional consequences of this altered SeP expression remain unclear.
As chromosomal region 5q was postulated to contain a tumour suppressor region and SeP expression is markedly decreased in colorectal adenomas, we further analysed and characterised the human SeP promoter region with respect to a complex DNA motif containing repetitive nucleotide sequences. Here, we identified both a novel polymorphism with functional relevance to promoter activity and demonstrate genetic instability of this complex repeat structure in colorectal tumors of the mutator phenotype.
Materials and methods
Samples, DNA preparation A total of 56 randomly selected tissue samples of colorectal carcinomas and corresponding normal mucosa were analysed together with blood samples of 196 patients with colon cancer and 219 healthy volunteers. DNA from blood samples and from microdissected sections of paraffin embedded tissues were extracted by commercially available kits (Qiagen, Hilden; Roche Diagnostics, Mannheim, Germany).
SeP promoter fragment analysis
A 132 bp fragment of the SeP promoter, containing a TC (5) repeat followed by a T (17) repeat, was amplified using the forward primer 5'-CTAACAAAGGTCACACTGTG-3' labelled with ABI-FAM (Applied Biosystems, Weiterstadt, Germany) at the 5' end and the reverse primer 5'-GCTGAGCCAGCGAA-TAA-3'. PCR was performed in a volume of 50 ml containing 100 ng genomic DNA, 10 mM Tris (pH 8.4), 50 mM KCl, 1.5 mM MgCl 2 , 0.25 mM dNTPs, 5 pmol of each primer, and 0.5 units of Taq polymerase (Amersham, Braunschweig, Germany). Conditions for amplification were 5 min at 948C for denaturation, 35 cycles at 948C for 45 s, annealing at 528C for 45 s and extension at 728C for 45 s, with a final 728C extension step of 60 min. Successful PCR-amplification was controlled by agarose gel electrophoresis and ethidium bromide staining. Fluorescent PCR products of the promoter repeat region were analysed using ABI PRISM TM 310 Genetic
Analyzer and the Genescan software package (Applied Biosystems, Weiterstadt, Germany). To confirm identity of the PCR products and to investigate sequence differences of PCR products with altered fragment analysis patterns, PCR products generated with unlabelled primers were subcloned using TOPO TA Cloning 1 (Invitrogen) and analysed by cycle sequencing using ABI Prism 5 -repeat, and construct T13 containing a (T) 13 -repeat instead of the wildtype (T) 17 -repeat were generated from the wildtype vector by polymerase chain reaction based site-directed mutagenesis (Quik Change 1 sitedirected mutagenesis kit, Stratagene, La Jolla, CA, USA). Mutated sequences were confirmed by cycle sequencing.
To exclude introduction of additional artificial mutations after site directed mutagenesis a fully sequenced DNA insert containing the mutated SeP promoter region was excised by Blp1 digest and re-introduced into the wildtype SeP promoter construct, which was used for transfection assays. Plasmids for transfection were prepared and purified using RPM 
Cell culture and transfection
The human hepatocarcinoma cell line HepG2 (ATCC, HB 8065) was cultured as described. 3 For transfection studies, in a first series of experiments, cells were seeded in 12 well plates and transfected at 70% confluence. Transfection and determination of luciferase and b-galactosidase activity were performed as previously described. 3 Reporter gene assays were independently repeated 12 ± 18 times. In a second series, pilot studies with transfection at 20 ± 30% confluence were performed using 6 cm culture dishes and repeated four times.
Statistical Analysis
The Chi 2 Test was used for statistical analysis of the frequency of the promoter polymorphism. Data of the luciferase reporter gene assays were analysed using the Wilcoxon Test.
Results
The human SeP promoter contains a motif with simple sequence repeats (SSR) Inspection of the sequence of the human SeP promoter reveals a motif with repetitive DNA sequences with an (A) 4 17 repeat (bp 7429 to bp 7477). Within this repeat structure a putative DNA binding site for the transcription factor nuclear factor of activated T cells (NFAT) has been identified ( Figure 1 ).
The human SeP promoter contains a polymorphic region within the repetitive DNA sequence motif In blood samples of healthy volunteers and patients with colorectal cancer, analysis of the promoter motif of the Selenoprotein P promoter polymorphism and genetic instability OH Al-Taie et al 500 human SeP promoter by fluorescence based fragment analysis indicated the occurrence of a polymorphism in this region. First, we found a homozygous allele pattern representing the known (TC) 5 (T) 17 as confirmed by cycle sequencing of subcloned PCR products (Panel A, Figure 2 ). In addition, a second allele, four nucleotides smaller in size, was seen (Panel C, Figure 2 ). Sequence analysis revealed a novel polymorphism of the human SeP promoter with a (TC) 3 (T) 17 repeat within this motif as compared to the wildtype sequence (Genbank ID Y12262). The sequence of the newly identified polymorphism was submitted to Genbank with the denoted accession number AF431733. Furthermore, samples with heterozygous peak patterns containing both the (TC) 5 (T) 17 and the (TC) 3 (T) 17 alleles of the SeP promoter were discovered by fragment analysis (Panel B, Figure 2 ) and subsequent cycle sequencing. These results indicate that the simple sequence repeat within the Sep promoter is polymorphic within the human genome.
The (T) 17 -single nucleotide repeat of the human SeP promoter is sensitive to genomic instability in tumors with mismatch repair deficiency Fragment analysis of the SeP promoter motif in tissue samples of colorectal cancers and corresponding normal colon mucosa of the same patients displayed additional peaks in a fraction (10 of 56) of colon cancer tissues (Panel A, Figure  3 ) in contrast to corresponding normal colon mucosa, suggesting presence of genomic instability in this subgroup of tumors (Panel B, Figure 3 ). There was no significant difference in histological entity and tumour grading as well as age and sex of patients between tumour samples showing SeP promoter instability and those with stable SeP promoter sequences. Sequencing of subcloned PCR-products revealed that the instability is located within the (T) 17 -repeat ( Figure  4 ), whereas no instability was observed within the (TC) 5 repeat.
In order to exclude Taq polymerase amplification errors along the repeat motif, we amplified the repeat structure from DNA of cancer tissue and from blood of the same patient. The amplicons were subcloned and 46 subclones of the stable and 49 subclones of the unstable sample were analysed by sequence analysis. The results confirmed the occurrence of a broad spectrum of amplicons of different size in the unstable tumour samples ranging from (T) 10 to (T) 18 , whereas amplicons of the corresponding blood DNA showed a T-repeat with a range of (T) 15 to (T) 18 . The overall distribution of the T-repeat length within the subcloned and sequenced amplicons is shown in Figure 4 .
These results confirm genomic instability within the Poly (T)-single nucleotide repeat of the human SeP promoter in a subset of colorectal cancers. This genetic instability within the (T) 17 -repeat of the SeP promoter was observed in 10 of 51 colon cancer samples with a (TC) 5 (T) 17 motif. In contrast, no instability was seen in five colon cancers with a (TC) 3 (T) 17 motif (Table 1) . Colon cancers showing genetic instability within the promoter motif were identified as`MSI-high' by standard methods, as defined by instability in at least 30 per cent of a consensus marker panel for MSI analysis (data not shown).
14 Prevalence of the novel SeP promoter (TC) 3 polymorphism is not elevated in colorectal cancer We analysed the prevalence of this novel polymorphism in blood samples of 239 unrelated healthy volunteers in comparison to 196 patients with colon cancer. Among 239 healthy volunteers, the homozygous (TC) 5 /(TC) 5 allele was found in 219 (91.6%) and the heterozygous (TC) 5 /(TC) 3 allele in 20 (8.4%) resulting in a allele frequency of the (TC) 5 allele of 0.96 and the (TC) 3 allele of 0.04. None of the healthy volunteers but one of the colon cancer patients showed a homozygous (TC) 3 /(TC) 3 allele. As compared to the healthy controls a similar allele distribution of the (TC) n -repeat was found in colon cancer patients indicating no relationship of this genotype to colon cancer development ( Table 2) .
Activity of the human SeP promoter is significantly reduced by the poly(TC) 3 -repeat polymorphism Possible functional relevance of the (TC) 3 polymorphism and the (T) 17 -repeat instability of the complex repeat element of the human SeP promoter was tested by luciferase reporter gene assays in of HepG2 cells, which were previously used for analysis of SeP promoter activity. We found no significant differences in basal promoter activity between the plasmids comprising the 71156 to 714 bp SeP promoter region and containing either the wildtype (TC) 5 (T) 17 or the instability variant (TC) 5 (T) 13 simple sequence repeat. In contrast, significant reduction of basal SeP promoter activity was observed for the promoter constructs containing the Figure 1 The human Selenoprotein P promoter contains a complex sequence repeat motif. Diagram of the promoter (1810-bp 5'flanking exon 1) of the human Selenoprotein P gene with putative binding sites for SRY, NFAT AP1 and SP1 and details of the complex sequence repeat motif.
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Selenoprotein P promoter polymorphism and genetic instability OH Al-Taie et al(TC) 3 (T) 17 -repeat as compared to the (TC) 5 (T) 17 -stretch when cells were transfected at 70% confluency ( Figure 5 ). There was no significant change in promoter activity when cells were transfected at 20 ± 30% confluency, possibly indicating proliferation-associated phenomena (data not shown). These results indicate that a polymorphism within the (TC) nsequence repeat of the human SeP promoter significantly affects promoter transactivation.
Discussion
Epidemiological data, 15 ± 20 animal studies 21 ± 25 and intervention studies in humans 26 provide evidence for a potential chemopreventive effect of selenium in the development of colorectal cancer. Up to 50% of plasma selenium is contained in Selenoprotein P. SeP was shown to be expressed throughout the gastrointestinal tract including normal colonic mucosa. 11 However, in colorectal adenomas SeP expression is markedly reduced, 13 suggesting a possible role in prevention or promotion of colorectal carcinogenesis. Therefore, SeP may play an important role in colorectal tumorigenesis or its prevention. Within the SeP promoter, a complex nucleotide sequence repeat structure containing an (A) 4 -GG-(A) 8 GCT-(TC) 5 -(T) 17 motif is located between putative binding sites for different transcription factors. In this study, we investigated the relevance of alterations within this repeat structure of the SeP promoter for reduced SeP expression during colorectal carcinogenesis. We identified a novel polymorphism of the poly(TC) repeat of the promoter motif resulting in a (TC) 3 repeat instead of a (TC) 5 repeat. The observed polymorphism leads to a deletion of four bases within this short sequence repeat motif. Short sequence repeat motifs, also called simple sequence repeats (SSRs) are widely distributed throughout the genome. 27 SSRs show a high rate of polymorphisms and are frequently used as genetic markers. In cells with defective mismatch repair, SSRs are prone to develop genetic instability, so called microsatellite instability, as a result of insufficient DNA mismatch repair of spontaneous mutations in repeat motifs due to strand mispairing during DNA replication. 28 SSRs like poly(T) repeats 29 and poly(TC) repeats 30 can function as binding sites for regulatory proteins in upstream activation sequences. In several studies, deletion of SSRs from upstream promoter regions has been shown to reduce or eliminate transcriptional activity, whereas expansion of SSRs led to an increase of transcriptional activity, possibly due to alterations of binding of regulatory proteins. 31 In this study, we also observed a significant reduction of basal promoter activity of plasmids containing the newly identified shorter (TC) 3 -polymorphism as compared as to the wildtype (TC) 5 -repeat in luciferase reporter gene assays in HepG2 cells. Differences in structure and spacing of the complex repeat elements or differences in the distance from the transcriptional start site as well as other factors may be responsible for reduction of promoter activity due to the (TC) 3 -polymorphism. Together, these results from Figure 4 Genomic instability occurs within the (T) 17 repeat of the SeP-promoter motif. Distribution of numbers n of (T) n repeat in a peripheral blood and colon carcinoma sample according to sequencing results from subcloned PCR products spanning the simple sequence repeat within the human SeP promoter.
(PBL=peripheral blood leucocytes).
Selenoprotein P promoter polymorphism and genetic instability OH Al-Taie et al 502 promoter studies suggest that transcriptional inhibition of SeP expression due to the newly identified promoter polymorphism may lead to reduced protein levels of SeP.
Both the concentrations of Selenoprotein P and of total selenium in adult subjects vary considerably among different European regions, 32 which cannot merely be explained by differences in nutritional selenium supply. In our study, reporter gene assays showed an association of the SeP promoter polymorphism (TC) 3 (T) 17 with reduced basal promoter activity. Therefore, prevalences of different promoter genotypes may contribute to variations in Selenoprotein P plasma levels in different populations. This hypothesis remains to be proven.
To investigate the prevalence of the newly identified SeP promoter polymorphism in patients with colorectal cancers, we compared the frequency of the promoter polymorphism of 239 healthy volunteers to 196 colon cancer patients. No differences in the frequency of the promoter polymorphism could be demonstrated between the two groups. However, we observed the occurrence of alterations within the poly(T) repeat of the SeP promoter motif in a subgroup of colorectal cancers. Interestingly, no instability was observed within the (TC) n nucleotide repeats of the promoter motif. Further analysis of these tumours showed a high level of alterations in repetitive DNA sequences, also called microsatellite instability (MSI), which is characteristic for tumours of the mutator phenotype due to genetic alterations in genes of the DNA mismatch repair family. These results demonstrate, that the poly-(T) 17 -repeat of the SeP promoter is prone to genomic instability in tumors of the mutator phenotype.
In vitro, MSI can be increased by reactive oxygen species like hydrogen peroxide and diminished by antioxidative defense systems. 33 It has been postulated that SeP may act as an antioxidative protein. Decreased expression of SeP in tumours through genetic alteration within the promoter may lead to an increase in DNA damage and thereby contribute to both tumour initiation and tumour progression. The human SeP gene was mapped to chromosome 5q31 2 , a chromosomal region which is linked to colorectal carcinogenesis (APC gene, 5q-deletion). In our study, 5 of 56 colon cancers showed a heterozygous allele of the TC-repeat and were therefore informative for analysis of loss of heterozygosity (LOH) of the SeP promoter. LOH as a possible cause of reduction of SeP was not observed. Because of the small number of informative samples, further studies using different markers seem to be necessary. In conclusion, we Figure 5 A (TC) 3 -polymorphism within the SeP promoter affects basal promoter activity in HePG2 cells. Luciferase reporter gene assays using constructs comprising SeP-promoter wildtype ((TC) 5 (T) 17 ), poly(TC) n -polymorphism ((TC) 3 (T) 17 ) and poly(T) n -instability ((TC) 5 (T) 13 ) were used for transfection of HepG2 cells. Luciferase activities of plasmids transfected in HepG2 cells are presented relative to the activity of the wildtype construct.
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Selenoprotein P promoter polymorphism and genetic instability OH Al-Taie et alhave newly identified an functionally important polymorphism within the SeP promoter and demonstrated genetic instability within the SeP promoter in colon cancers of the mutator phenotype. These observations may provide a molecular basis for variations in SeP expression due to genomic variability.
